Peripartum cardiomyopathy (PPCM) is a rare heart disease which affects previously healthy women toward the end of pregnancy or in the months following delivery. The incidence of the disease shows wide regional variations and has been rising, probably due to greater awareness or socioeconomic changes. The etiology and pathogenesis of PPCM are multifactorial and poorly understood. Several hypotheses have been proposed over the years including myocarditis, oxidized prolactin, autoimmunity, malnutrition, genetic susceptibility, and apoptosis. PPCM is still a diagnosis of exclusion. Biomarkers with a strictly pregnancy-related kinetics are unavailable in clinical practice, and their role has not yet been fully elucidated. Globally, prognosis has slightly improved over the past years. In some patients, the clinical status quickly improves and sometimes returns to normal. In others, clinical conditions rapidly worsen and are unresponsive to medical therapy, and chronic heart failure (HF) from persistent left ventricular dysfunction (LVD) develops. Acute care treatment may involve the use of intravenous vasodilators, inotropes, with a prominent role for levosimendan, intra-aortic balloon pump, ventricular assist devices, and heart transplant. Beta-1-adrenergic agonists may promote myocyte loss and HF in PPCM patients, induce permanent damage, and prevent recovery. Novel disease-specific therapeutic concepts, such as targeting 16 kDa prolactin and its downstream mediator miR-146a and/or the vascular endothelial growth factor (VEGF) system, may promote healing. Bromocriptine, a dopamine 2D agonist which blocks prolactin, may be a disease-specific treatment for PPCM in addition to standard therapy in patients with acute onset of the disease. Survivors of PPCM often recover from LVD; however, they may be at risk for HF recurrence and death in subsequent pregnancies. Women with chronic LVD should be managed according to international guidelines, and subsequent gestations should be avoided. Close follow-up and accurate risk stratification are mandatory for women who have recovered from PPCM and need counseling for future pregnancies.
Introduction
Peripartum cardiomyopathy (PPCM) was recently redefined by the European Society of Cardiology (ESC) as an idiopathic cardiomyopathy presenting with heart failure (HF) due to systolic dysfunction of the left ventricle (left ventricular ejection fraction [LVEF] <45%) toward the end of pregnancy or in the months following delivery, where no other cause of HF is found. 1 The previous definition "development of HF during the last month of pregnancy or within months after delivery", that encompassed a strict time limit to the diagnosis, was eliminated.
PPCM and pregnancy-associated cardiomyopathy are part of the same clinical spectrum, and some patients may present with PPCM symptoms earlier than the last gestational month. Until specific etiologies are identified, PPCM remains a diagnosis of exclusion. 1 Data from the international registry set up within the framework of the ESC EURObservational Research Program 2 indicate that PPCM occurs worldwide, with remarkably similar clinical characteristics despite wide sociodemographic differences.
The disease is rare: depending on the geographical location, the reported incidence in the literature ranges from 1:300 up to 1:15,000 (<0.1% of pregnancies). Some studies suggest that the incidence of PPCM is one in 3,000 live births. However, one African study found it to be 1:1,000 live births.
In the US, administrative data suggest that the incidence of PPCM may have risen in the last decade, from 8.5 to 11.8 per 10,000 live births, with stable maternal adverse events rates. 3 There is also a very high risk of relapse in subsequent pregnancies, even following full recovery of left ventricular (LV) function after the first pregnancy. [4] [5] [6] [7] Morbidity and mortality rates are high, ranging from 5% to 32%. 4, 5 The prognosis is dependent on recovery from HF during the first 6 months postpartum with approximately 28% lethality.
Because the symptoms of PPCM overlap with those of idiopathic cardiomyopathy, definite diagnosis and subsequent management of PPCM require a high index of suspicion. Many women who initially present with signs and symptoms indicative of PPCM are diagnosed with "nonspecific symptoms of the puerperal period". Misdiagnosis of PPCM, which often leads to clinical deterioration and in some instances death, represents a target for early intervention and prevention.
Therefore, early and definitive diagnosis of PPCM is essential to limit the high risk of morbidity and mortality in both current and subsequent pregnancies.
There are a number of known risk factors, such as multiparity and age of the mother over 30 years, but the disease may appear in women without any risk factors. The diagnosis is mainly carried out using echocardiography which shows a clear reduction of systolic LV function. The therapeutic approach is generally the same as for idiopathic cardiomyopathy, but caution should be exercised for pregnancy-related drug contraindications. In the peripartum phase, a close cooperation between the disciplines of cardiology, cardiac surgery, neonatology, obstetrics, and anesthesiology seems to be the upcoming winning strategy.
Etiopathogenesis
The precise mechanisms that lead to PPCM remain poorly defined. Many pathogenetic processes have been suggested: viral myocarditis, an abnormal immune response to fetal micro-chimerism (harboring of fetal cells in maternal circulation), a maladaptive response to the hemodynamic stresses of pregnancy, stress-activated cytokines, and prolonged tocolysis. 1, [8] [9] [10] [11] [12] During pregnancy, blood volume and cardiac output increase. 12, 13 In addition, afterload decreases because of vascular smooth muscle relaxation. 14 These changes cause a transient, and reversible, hypertrophy of the left ventricle to meet the needs of the mother and fetus. 15 The transient attending diastolic dysfunction during the third trimester and early postpartum period resolves shortly after birth in a normal pregnancy. 1, 15 Pearson et al suggested that PPCM might be due, in part, to an exaggerated decrease in LV function when these hemodynamic changes of pregnancy occur. 13 In addition, nutritional disorders, such as deficiencies in selenium and other micronutrients, might play a role in the pathogenesis of PPCM. 12, 16 Also, a familial predisposition to PPCM has been reported. [17] [18] [19] [20] Although underlying genetic variants common to dilated cardiomyopathies are being proposed, a genetic basis specific to PPCM has not been systematically studied. 19 van Spaendonck-Zwarts et al described a cohort of 18 families who showed a high proportion of titin mutations and a low recovery rate in PPCM cases. 20 The ESC currently classifies PPCM as a nonfamilial, nongenetic form of dilated cardiomyopathy. 1 The upcoming pathophysiological hypothesis consists in a "two-hit" model of angiogenic imbalance in the heart during the peripartal period, whereby systemic antiangiogenic signals during late pregnancy act on a host susceptibility milieu with insufficient local proangiogenic defenses in the heart. 4, 5, 21 The higher rates of hypertensive disorders and preeclampsia (22% vs 3-5%) found in PPCM patients than observed during pregnancy further support the hypothesis of a common vascular pathobiology. 22, 23 Recent findings in human disease support this notion. Damp et al assessed the time course and relation with LV function of relaxin-2, prolactin, and sFlt1, an antiangiogenic factor released from the placenta peripartum, in 98 women presenting postdelivery with PPCM. They found higher levels of relaxin-2 in women with less remodeling and more frequent recovery; conversely, worse symptoms and prognosis were associated with higher sFlt1 concentrations. 24 Since VEGF, which is inhibited by sFlt1, partly mediates 
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Peripartum cardiomyopathy the vasodilatory and proangiogenic effects of relaxin-2, the findings observed by Damp et al in humans support the notion of an imbalance in angiogenesis as a driver of PPCM instauration and clinical outcomes. Angiogenic imbalance may persist even after recovery. In a cohort of 29 PPCM patients with LV function recovery, Goland et al 23 observed higher concentrations of soluble VEGF receptor sFlt1 and decreased levels of circulating endothelial progenitor cells and VEGF than in controls.
Angiogenic imbalance can further be triggered by oxidative stress-mediated activation of the protease cathepsin D, a protease responsible for the cleavage of the angiostatic and proapoptotic 16-kDa subfragment from the nursing hormone prolactin. 25 An increased concentration of plasma inflammatory cytokines, specifically tumor necrosis factor and Fas/Apo-1, which plays a key role in apoptosis (programmed cell death), has been identified in women with PPCM as compared to healthy volunteers and among PPCM non-survivors compared to survivors. 26 Hilfiker-Kleiner et al proposed a key role for prolactin in the pathogenetic mechanism of PPCM. 27 Prolactin levels are associated with an increased blood volume, a decreased blood pressure, a decreased angiotensin responsiveness, and a reduction in the levels of water, sodium, and potassium. Prolactin also increases the concentrations of circulating erythropoietin, and hence hematocrit levels. 12 Mice bred to have a cardiomyocyte-specific deletion of STAT3, a protein that plays a key role in many cellular processes such as cell growth and apoptosis, develop PPCM. 28 STAT3 deletion blunts the induction of the antioxidant enzyme manganese superoxide dismutase, and the resulting increased oxidative stress leads to enhanced expression of cardiac cathepsin D that promotes cleavage of the 23-kDa prolactin (PRL) into an angiostatic and proapoptotic N-terminal 16-kDa fragment (16-kDa PRL). The 16-kDa PRL causes massive endothelial damage and myocardial hypoxemia and dysfunction. In partial support of animal data, low STAT3 protein levels were found by Hilfiker-Kleiner et al in myocardial tissue from five women with PPCM who underwent heart transplant. These authors also detected an antigen like 16-kDa prolactin in sera from three nursing PPCM patients but not in healthy controls. 28 Moreover, in STAT3-deficient mice, the postpartum enhancement of PI3K/Akt signaling, a pathway that is highly activated by increased mechanical stress and high estrogen levels and promotes cardiac adaptation with physiological hypertrophy during pregnancy, was found to be detrimental and to accelerate cardiac inflammation and fibrosis. 29 The development of fibrosis and inflammation was attenuated, and PPCM lethality was also prevented by bromocriptine in this model.
Hence, prolactin and its cleaved 16-kDa form seem to be pivotal for PPCM as suggested by the protection from the disease by prolactin blockade. However, although promising and fascinating, this theory remains experimental and insufficiently proven in humans, while increased serum levels of 16-kDa PRL or cathepsin D in PPCM patients have not been consistently documented till now.
Diagnosis
The onset of PPCM can easily be masked-and missedbecause the manifestations can mimic those of mild HF. Women with PPCM most commonly show dyspnea, dizziness, chest pain, cough, neck vein distension, fatigue, and peripheral edema. 1 Arrhythmias, embolic events from thrombosis of the dilated, dysfunctional left ventricle, and acute myocardial infarction due to decreased perfusion to the coronary arteries are other, less common clinical features. 1, 5, [10] [11] [12] Typical HF signs include hypoxia, jugular venous distention, S3 and S4 gallop, rales, and hepatomegaly. 12, 18 Blood pressure is often normal or decreased, and tachycardia is common. 12 The electrocardiogram (ECG) appears to be a useful firstline tool in both screening and prognostication in resourcepoor settings such as Africa. 30 An ECG should be performed in all patients with suspected PPCM as it has a high negative predictive value. Indeed, despite the absence of a specific ECG pattern for PPCM, at initial evaluation, the ECG is rarely normal: repolarization abnormalities, LV hypertrophy, dysrhythmias, Q-waves in the anteroseptal precordial leads, and prolonged PR and QRS intervals are common. 12, 31 Measurement of natriuretic peptides may help during screening for identifying a cardiac origin of dyspnea, although it does not differentiate PPCM from other cardiomyopathies. 1, 11 More specific biomarkers would be helpful to allow a faster and more reliable diagnosis of PPCM, but currently none have yet been defined. 1 Serum level of troponin may be helpful in ruling out myocardial infarction; however, an increase in troponin in the acute phase of PPCM, without myocardial infarction, can occur. 12 Several other laboratory tests should be performed: complete blood cell count and serum levels of troponin, urea, creatinine, and electrolytes, 12 and liver and thyroid function tests.
The definitive diagnosis of PPCM depends on echocardiographic identification of new-onset HF during a limited period around parturition. 
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A diagnosis of PPCM requires the exclusion of other causes of HF: myocardial infarction, sepsis, severe preeclampsia, pulmonary embolism, valvular diseases, and other forms of cardiomyopathy ( Figure 1 ). 1, 5, 12, 25 Chest radiographs may be helpful in acute pulmonary edema, but much less so if no clinical evidence of pulmonary congestion is revealed. On the other hand, congestion could be better identified by pulmonary echography. 32 Cardiac magnetic resonance imaging has been suggested as a complementary tool in the diagnosis and evaluation of women with PPCM, to measure global and segmental myocardial contraction and to identify inflammatory processes. 1, 5, 13, 25 However, administration of gadolinium to assess late enhancement should be avoided until after delivery, unless necessary.
Endomyocardial biopsy does not add any diagnostic or prognostic information in the case of PPCM but can be used to rule out acute myocarditis after delivery. Only a few PPCM cases have been related to myocarditis so far, but myocarditis may underlie dilated cardiomyopathies and acute HF that can occur or worsen during pregnancy, and specific immunosuppressive or immune-modulatory treatments may be helpful for some forms of myocarditis. 33, 34 Management Management of PPCM, in the absence of evidence-based data, is like standard treatment for other forms of HF. 1, 12, 25, 35 Timely diagnosis and delivery are crucial. Careful attention should be paid to fetal safety and to excretion of drugs or drug metabolites during breastfeeding after delivery. 1, 12, 24 The goals of HF treatment are to improve hemodynamic status, minimize signs and symptoms, and optimize long-term outcomes. Treatment focuses on reducing preload and afterload and increasing cardiac inotropy. 1, 12, 25, 35 Patients who present after delivery should be treated according to international HF guidelines. 35 For patients presenting during pregnancy, angiotensin-converting enzyme (ACE) inhibitors, angiotensin-receptor blockers, and renin inhibitors are contraindicated because of fetal toxicity. Hydralazine and nitrates can be used instead. After delivery, ACE inhibitors can be started, but during breastfeeding, captopril or enalapril should be preferred. Despite an increased risk of fetal growth restriction, beta-blockers are indicated in all stable patients, with metoprolol succinate being the preferred agent. 12 Mineralocorticoid receptor antagonists (MRAs) should be avoided during pregnancy and lactation, but should be started afterwards in stable patients. Diuretics should be administered with caution during pregnancy as they may impair placental perfusion. 12 ACE inhibitors, beta-blockers, and MRAs should be continued at least till after complete recovery of LV size and systolic function. Discontinuation of HF medications can be considered only in the case of complete recovery of ventricular function and exercise response. 
35
Peripartum cardiomyopathy Initial treatment with ivabradine, aimed at controlling tachycardia even before or in parallel with beta-blockers, appears to be safe and effective. 1 An interdisciplinary approach with the involvement of cardiologists, intensivists, obstetricians, neonatologists, anesthetists, and cardiac surgeons is needed in cases of severe acute HF (Figure 2 ). The initial treatment of patients with severe forms of acute PPCM is significantly different from the one for stable patients, and rapid access to intensive care is mandatory. 1 Intravenous administration of positive inotropic agents is required to restore hemodynamics in the case of cardiogenic shock, and optimization of oxygenation is one of the main targets. Noninvasive ventilation reduces respiratory distress and may decrease intubation and mortality rates. 1 Intubation with mechanical ventilation should be considered in the case of altered mental state or persistent hypoxemia.
Dobutamine and milrinone are not contraindicated in pregnancy. 1 Milrinone has vasodilating properties for both the systemic and the pulmonary circulation, a mechanism that may provide additional benefit over other inotropic agents such as catecholamines that are associated with adverse effects in patients with advanced HF. 1, 12 Dobutamine is less f avorable in PPCM patients due to metabolic compromise and it requires beta-receptors for its inotropic effects. 12 Therefore, catecholamines should be avoided whenever possible or used only with extreme caution.
Levosimendan, in contrast to dobutamine and adrenaline, does not increase myocardial oxygen demand and may be considered as the upcoming inotropic agent for patients with severe PPCM. 36 Although a prospectively randomized trial showed that the addition of levosimendan to conventional therapy did not improve the outcome in patients with PPCM, a recent study found that the use of levosimendan in patients with PPCM induced rapid hemodynamic recovery. 1, 37, 38 In any case, adrenaline should be avoided, while noradrenaline should be the first-line vasopressor whenever required by the clinical condition.
Vasodilators such as nitroglycerin and nitroprusside also may be of benefit. 12 Nitroprusside should be used with caution in pregnant women because the toxic effects of thiocyanate can be harmful to the fetus. 12 Prolactin blockade has shown promising results in several case series and in a small proof-of-concept trial: 39 bromocriptine, at a starting dose of 2.5 mg twice daily, seems to be able 
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Scardovi and De Maria to prevent the deterioration in LV size and systolic function when given in addition to standard HF therapy 39 and should be considered for patients with cardiopulmonary distress. Other small studies and case reports suggested that cabergoline, another potent dopamine receptor antagonist like bromocriptine, could be beneficial. 40, 41 Because of the long half-life of cabergoline, 14-21 days, a single dose is often enough. To prevent thromboembolic events during the use of bromocriptine, treatment should always be accompanied by at least prophylactic anticoagulation with heparin. 42 The combination of reduced EF and the procoagulant activity during the peripartal phase exposes patients to a clinically important risk of cardioembolic events. In the ESC registry of worldwide PPCM, thromboembolic events were reported in 6.8% of cases. 2 Anticoagulation with heparin should also be started in all patients with acute PPCM and severely reduced LV systolic function (LVEF ≤35%).
Arrhythmias should be aggressively treated to minimize thrombus formation and to optimize cardiac function. 12, 13 Immunosuppressive and anti-inflammatory therapies have not improved the outcome in PPCM, and in general, are not recommended. 43 Medical therapy can be unsuccessful in women with PPCM, and mechanical cardiovascular support with an intra-aortic balloon pump (IABP) or ventricular assist devices may be required as a "bridge to recovery" or to transplantation. 1, 12, 13, 44 If needed, a device for temporary support should be implanted in the acute phase, either as "bridge to recovery", if ventricular function improves during the subsequent days and weaning can be achieved, or as "bridge to bridge", if hemodynamic impairment persists and circulatory support must be ensured. Because of the higher proportion of patients with at least partial recovery of ventricular function compared with other cardiomyopathies, an initial "bridgeto-transplantation" strategy is seldom necessary. First-line devices can be chosen among IABP, ImpellaR, or surgical equipment (e.g. CentriMagR, AbiomedBVS 5000R, Tandem-HeartR, veno-arterial extracorporeal membrane oxygenation) considering the local availability and the experience of the involved care team. Evaluation of right ventricular function is crucial for the strategy. In the presence of impaired right ventricular function, a biventricular assist device (BiVAD or total artificial heart) may be chosen (e.g. Berlin Heart EXCORR). 1, 12, 13, 44 Women in whom maximal medical management is unsuccessful may be candidates for cardiac transplantation. Cardiac transplantation could be necessary in about 4% of women with PPCM unresponsive to medical therapies. 12 Previous small series reported comparable outcomes for PPCM recipients to other transplanted patients. Conversely, recent findings from the United Network for Organ Sharing Database, 45 on 485 PPCM recipients, that represented 1% of all transplants, and 5% of female transplants, showed worse posttransplant outcomes, with higher rejection rates within the first year, lower graft and age-adjusted survival, in PPCM patients than in other women and all other recipients in this large registry. Since PPCM patients, though younger, showed higher sensitization rates than other women, the authors concluded that factors challenging prognosis in these women should be actively sought, rejection should be treated more aggressively, and optimal compliance should be obtained.
Prevention of sudden cardiac death
It is assumed that about a quarter of deaths are caused by ventricular tachyarrhythmia, mostly occurring during the first 6 months, mainly in patients with severely impaired cardiac function. 46 Current ESC guidelines for the treatment of HF recommend implantation of an implantable cardioverter defibrillator (ICD) for primary prevention in patients with symptomatic HF and LVEF ≤35% despite optimal pharmacological treatment or for secondary prevention in patients with documented ventricular arrhythmia causing hemodynamic instability. 35 In the context of PPCM, the potential for complete recovery of ventricular function should be considered, and decisions about implantation of an ICD may be very challenging, considering the uncertainty about the subsequent evolution of ventricular function and the young age of the patients. Indeed, several publications reported recovery of LV function in at least 50% of subjects within 6 months after diagnosis. 46, 47 However, a Turkish study reported delayed recovery (after 6 months) in a sizable proportion of patients. 48 A recent retrospective study from the US showed complete recovery of LV function in 23% of patients and partial recovery in another 19% over a mean duration of 33±21 months, confirming that delayed recovery over 6 months is frequent (83%). 49 In this study, African-American women showed lower rates of recovery compared with Caucasians, and postpartum presentation was a predictor of good recovery.
Considering these observations, early implantation of an ICD in patients with newly diagnosed PPCM is not appropriate. On the other hand, postponement of ICD implantation beyond 6-12 months exposes the patients to an unacceptable risk of sudden cardiac death.
Wearable cardioverter defibrillator (LifeVestR; Zoll, Pittsburgh, PA, USA) offers, for at least 3-6 months, an interesting Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 30-Dec-2019 For personal use only.
compromise for the prevention of sudden cardiac death in the first period after diagnosis, until a definitive decision about ICD implantation can be made. 35, 49 In patients who do not recover despite 3-6 months on optimized HF therapy, a conventional recommendation for the primary prophylactic implantation of an ICD applies. 35, 50 Subcutaneous ICDs, avoiding intravascular leads and thus potential infectious complication, represent an alternative to transvenous systems.
Although no specific data on device therapy in patients with PPCM exist, in patients with HF, LVEF ≤35% despite optimal medical therapy for at least 3-6 months, and left bundle branch block, cardiac resynchronization theraphy (CRT) is indicated, according to the current ESC guidelines on CRT following recommendations for patients with dilated cardiomyopathy. 35 
Prognosis
Despite increasing knowledge about the epidemiology and pathophysiology of PPCM, mortality rates are not well described and vary widely, ranging from <5% up to 50%. 1, 7, 12, 47 Earlier diagnosis, coupled with modern management of HF, has a pivotal role in influencing the mortality associated with PPCM. 7, 12, 47 The prognosis in PPCM varies geographically. In the US, reported mortality rates range between 0% and 19%, while rates of cardiac transplantation vary from 6% to 11%. 51 Substantial differences in the reports are probably due to variations in patient populations, diagnostic criteria, and treatments, as well as reporting bias. 51 Mortality was found to be higher when baseline LVEF was ≤25%, as well as in women in whom the diagnosis of PPCM was delayed. 52 In addition, mortality was reported to increase with maternal age, in women with parity of >4, and in African-American women, who were 6.4 times more likely to die compared with White women. 53 Eighteen percent of deaths occurred within 1 week, and 87% within 6 months of diagnosis, due to either progressive HF or sudden cardiac death. In South Africa, a case series has demonstrated that mortality slowly improved over time, but 6-month and 2-year death rates remained at 10% and 28%, respectively. 25 Overall, LV systolic function returned to normal in about 23-41% in a case series in the US, Haiti, and Turkey. 25 In a German registry of 115 prospectively enrolled patients with confirmed PPCM, 16.5% had a positive family history of cardiomyopathy, and mean LVEF was 27%. In this study, higher serum levels of cathepsin D, the enzyme that generates 16-kDa prolactin, and miR-146a, a direct target of 16-kDa prolactin, were found in PPCM patients than in healthy matched controls studied postdelivery. 54 These biomarkers support the pathophysiological role of 16-kDa PRL in PPCM and may become useful, after eventual validation, for specific diagnostic profiling.
In the German registry, after an average 6-month followup, 85% of patients showed LVEF improvement and 47% full recovery, while 15% failed to recover and 2% died. 53 Hypertension developing during pregnancy was associated with a better prognosis, while a baseline LVEF ≤25% purported a worse outcome. A high recovery rate (96%) was observed in patients on combination therapy with betablockers, ACE inhibitors, or angiotensin receptor blockers, and bromocriptine.
Similar outcome rates were found in the contemporary NHLBI multicenter Investigations of Pregnancy-Associated Cardiomyopathy (IPAC) study. 55 Out of 100 PPCM patients enrolled in IPAC under a background of optimal medical treatment including renin-angiotensin system antagonists and beta-blockers, but a very low rate of PRL blockade (1%), only 13% developed major events or persistent systolic dysfunction, while 72% showed full recovery of ventricular function. 55 Moreover, the IMAC2 investigators demonstrated a definitely higher recovery rate in a comparison of PPCM patients with other women and men affected by recent-onset cardiomyopathy of a different origin (48%, 34% and 19%, respectively) and a higher LV function level after adjustment for age and baseline LVEF. 56 Hence, the current outlook with contemporary HF drug treatment seems more favorable than previously reported.
Independent predictors of LV function recovery in IPAC were LV dimensions at diagnosis, and race. The IPAC study was moreover the first study to establish a relationship between genetic background and differences in LV remodeling and recovery in women with PPCM. 57 Black women are more predisposed to PPCM and less likely to recover. The TT genotype in the GNB3 C825T, which is associated with hypertension and with African-American descent, was associated with lower LVEF at 6 and 12 months postpartum. Women presenting with PPCM with this specific genotype may be at higher risk for chronic cardiomyopathy.
Subsequent pregnancies
For women who survive PPCM, a thorny issue is whether they can safely become pregnant again. 12, 58 Because established recommendations for future pregnancies do not exist, joint cardiologic and obstetric management including counseling on the potential risk of PPCM recurrence with future pregnancies is recommended. 18 Relapse with symptom worsening and deterioration of LV function occurs in almost one-third of the cases. 58 The risk of relapse and mortality is substantially higher in patients with persistent LV dysfunction; hence, LV recovery is considered the most reliable prognostic predictor of survival in subsequent pregnancies, 56 but it does not guarantee an uncomplicated subsequent pregnancy. 18 Mechanisms underlying recurrence risk are presently unknown. 59 Although mortality in such patients is rare, marked decreases in LV function have been reported in approximately 20% of patients, with persisting dysfunction after pregnancy in about 50%. 25, 58 A multicenter study from Germany, South Africa, and Scotland 60 reported outcomes with subsequent pregnancies in 30 PPCM patients. Half of them had not fully recovered LV function before the subsequent pregnancy: four deaths occurred and these patients showed lower cardiac function early postdelivery and a lower rate of full recovery during follow-up. Moreover, even among patients who had fully recovered cardiac function before the subsequent pregnancy, sustained normal function was only observed in 56%. Hence, even PPCM patients with fully recovered LV function still have a substantial risk for relapse. The authors reported a higher LVEF and full recovery rate in the women (70%) who had received bromocriptine in addition to standard HF therapy.
Women with persistent HF should be discouraged from subsequent pregnancies; the risks are 19% higher for maternal death than among women with PPCM whose HF has resolved because the heart cannot tolerate the increased cardiovascular workload. 12, 58 Women whose cardiomyopathy appears to have resolved are an even more difficult group to counsel, since the risk of PPCM recurrence may persist. 12, 58 One in five women with apparent full recovery are at risk of moderate-to-severe deterioration of LV function during a subsequent pregnancy, which is sustained after delivery in 20-50% of cases. Moreover, PPCM has been associated with multiparity, and despite limited information available, subsequent pregnancies can increase the risk for recurrent episodes of PPCM, irreversible cardiac damage, decreased LV function, and even death. 1, 11, 58, 60 Classification of PPCM patients into two categories (recovered vs non-recovered LV function) has been suggested as the most appropriate counseling strategy for future pregnancy. 29 However though cardiac function is normalized in the former group, LV contractile reserve may still be impaired, and recurrence of PPCM is possible. 12, 58, 60 Sustained recovery of LVEF after withdrawal of HF drugs is another favorable indicator of no recurrence. 40, 58 There is limited knowledge on fetal safety in PPCM patients who undergo a subsequent pregnancy. Higher rates of abortion and premature delivery have been observed in patients with LV dysfunction than in those with LV function recovery, in some series, 58 but not in others. 60 In any case, intensive monitoring during pregnancy and after delivery is mandatory to detect early recurrence and promptly instate HF treatment.
Future directions and conclusion
PPCM appears to be primarily an endothelial disease, and variable cardiac phenotype suggests information on etiology and pathophysiology. In some subsets of patients, hypertension during pregnancy is the prominent risk factor and may predispose to PPCM by initiating a powerful antiangiogenic environment. Different phenotypes and biomarkers underlying the spectrum between preeclampsia, with prominent diastolic impairment, and full-blown PPCM with impaired systolic function should be investigated to establish the mechanism of their interaction to precipitate cardiac failure.
The ability to predict recovery of LV function after a patient develops PPCM remains a significant challenge to clinicians. Among the many predictors examined, including clinical characteristics, biohumoral factors, and echocardiographic features, vascular homeostasis and genetic profiling promise to further our understanding of the physiology underlying the development of PPCM. Patient genotype may help clinicians to better individualize discussions with patients regarding the ramifications of the cardiomyopathy, and help potentially tailor medical therapy individually to women with PPCM.
The role of biomarkers outside the experimental setting has not yet been fully elucidated and should represent a field of active research. Serum levels of natriuretic peptides, C-reactive protein, and miR-146a may be helpful for early diagnosis and risk stratification, but are not specific to PPCM. The preliminary findings on the opposite associations of elevated relaxin-2 with early functional recovery and elevated sFlt1 with adverse prognosis are attuned to the hypothesis of angiogenic imbalance and highlight the potential role of biomarkers as risk stratification tools and future therapeutic targets in PPCM. However, these biomarkers with a strictly pregnancy-related kinetics are not available in clinical practice, while other proposed disease-specific humoral indicators 4 still await validation.
The rising incidence of the disease may be related to greater awareness or socioeconomic or risk factor changes. Globally, the prognosis has slightly improved recently. In Research Reports in Clinical Cardiology downloaded from https://www.dovepress.com/ by 54.70.40.11 on 30-Dec-2019 For personal use only.
acute care, levosimendan may represent the drug of choice as opposed to beta-1-adrenergic agonists which, by promoting cardiac damage, may hinder recovery.
Careful assessment of risk factors in pregnant women could help prevent PPCM. Novel disease-specific therapeutic concepts, such as targeting 16-kDa prolactin and its downstream mediator miR-146a and/or the VEGF system, might represent the upcoming option for therapy or prevention in patients at risk, with the caution that current results are not clinically robust and large appropriately designed clinical trials are needed.
Women with chronic LV dysfunction should be managed according to international guidelines, and subsequent gestations should be avoided. Close follow-up and accurate risk stratification are mandatory for women who have recovered from PPCM and need counseling for future pregnancies.
